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Description 

Technical Field 

The present invention relates generally to pros- 
thetic vascular grafts for implantation within the 
vascular system of a patient, and more particularly, 
to a prosthetic vascular graft made from expanded, 
porous polytetrafluorethylene (PTFE) tubing that is 
fabricated to be longitudinally compliant for allow- 
ing at least a portion of the PTFE graft to be 
stretched along the longitudinal axis thereof. 

Background Art 

The use of Implantable prosthetic vascular 
grafts made of expanded, porous PTFE is well 
known in the art. Such vascular grafts are often 
implanted just below the skin to provide blood 
access for long term hemodialysis. Such PTFE 
vascular grafts are also used to replace or bypass 
occluded or damaged natural blood vessels. Such 
prosthetic vascular grafts, and methods of implant- 
ing the same, are generally described in Bennlon 
et al., "Hemodialysis and Vascular Access", Vascu- 
lar Surgery , pp. 625-662, 1983. Methods of forming 
expanded, porous PTFE tubing are well known in 
the art For example, U.S. Patent No. 4,187,390 
issued to Gore discloses one such process which 
may be used to produce highly porous, expanded 
PTFE structures. 

Expanded, porous PTFE material offers a num- 
ber of advantages when used as a prosthetic vas- 
cular graft. PTFE Is highly biocompatible, has ex- 
cellent mechanical and handling characteristics, 
does not require preclotting with the patient's 
blood, heals relatively quickly following implanta- 
tion, and is thromt)oresistent. Notwithstanding Its 
many advantages, certain problems may arise with 
the use of PTFE vascular grafts. For example, 
PTFE material is not very elastic, and the suture 
holes formed in the ends of the graft when the graft 
is sutured to a blood vessel during implantation 
often leak blood until clotting occurs within the 
suture holes. 

Further, the needle or suture tends to tear the 
PTFE tubing. Some PTFE implants have been de- 
signed to overcome these leakage and teanng 
problems. For example, U.S. Patent No. 4,304,010, 
issued to Mano, discloses a tubular PTFE prothesis 
having a porous elastomer coating bound to the 
outside surface of the PTFE tubing. U.S. Patent No. 
4,306.318, issued to Mano et al., describes a tubu- 
lar organic prothesis having a porous tubing of 
PTFE and elastic fibers wound helically around its 
outside surface. Also, U.S. Patent No. 4,816,339, 
issued to Tu et al., discloses a multi-layered 
PTFE/elastomer implant comprising a luminal layer 



of PTFE and a second layer consisting of a mixture 
of PTFE and an elastomer. For example, in those 
Instances when a PTFE vascular graft Is Implanted 
below the skin for being cannulated by a 

5 hemodialysis needle, the vascular graft must be 
tunneled under the skin between the artery and 
vein to which the graft is to be anastomosed. 
Occasionally, a surgeon will misjudge the length of 
the graft that is required to reach between the 

10 selected artery and vein; in these situations, the 
surgeon may find that the graft is too short to reach 
tiie targeted site once the graft has been tunnelled 
under the skin. PTFE vascular grafts typically ex- 
hibit minimal longitudinal compliance, and hence 

15 the graft may not t>e stretched significantiy along 
its longitudinal axis. Accordingly, In such cases, the 
surgeon must then remove the tunnelled graft from 
below the skin and repeat the tunnelling procedure 
with a longer graft. 

20 As mentioned above, PTFE vascular grafts are 
often used to provide a bypass witiiin the vascular 
system. Two examples of the use of PTFE vascular 
grafts as bypass Implants include an axillofemoral 
bypass graft, wherein the vascular graft extends 

25 between tiie femoral artery in the upper leg to the 
axillary artery in the shoulder, as well as a 
femoropopliteal bypass graft extending t)elow the 
knee. Such bypass grafts often place restrictions 
upon the freedom of movement of the patient in 

30 order to avoid pulling the graft loose from its an- 
chor points. For example, in the case of the axil- 
lofemoral bypass graft, sudden or extreme move- 
ments of the arm or shoulder must be entirely 
avoided. Similarly, In the case of the 

35 femoropopliteal bypass graft, bending the knee can 
place dangerous stress upon the graft. The alx)ve- 
descrit>ed restricted movement is due largely to 
the inability of the PTFE vascular graft to stretch 
along its longitudinal axis when its associated an- 

40 chor points are pulled apart from one anotiier. 
Such restrictive movement Is especially Important 
during the early period of healing following im- 
plantation when there Is still little tissue^ Incorpora- 
tion Into the graft and It can move within the 

45 subcutaneous tunnel. 

Furthermore, some medical studies have sug- 
gested that vascular graft compliance may play an 
important role in graft failure. These studies make 
note of the mechanical mismatch created by sur- 

50 glcal anastomoses, due in part to tiie inability of 
PTFE vascular grafts to exhibit any longitudinal or 
radial compliance. In this regard, see generally Shu 
et al., "Flow Phenomena In Compliant And Non- 
compliant Arteriovenous Grafts", Trans Am Soc. 

56 Artif. Intern. Organs , vol. XXXIV, 1988, pp. 519-523; 
and Kenney et al., "Evaluation of Compliant And 
Noncompliant PTFE Vascular Prostheses", Trans 
Am Soc. Artif. Intern. Organs, vol. XXXIV, 1988, pp. 
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661-663. 

Accordingly, it is an object of the present in- 
vention to provide a PTFE prosthetic vascular graft 
which retains the advantages of using PTFE ma- 
terial as described above, but which is longitudi- 
nally compliant over at least a portion of its length 
for allowing the graft to be stretched along its 
longitudinal axis. 

It Is another object of the present invention to 
provide such a longitudinally compliant PTFE graft 
which minimizes suture hole bleeding at the ends 
of the graft at those points where the graft is 
anastomosed to blood vessels within the body. 

It is still another object of the present invention 
to provide such a vascular graft which may be 
stretched along its longitudinal axis, and thereby 
make less critical the sizing of the graft prior to 
implantation. 

It is a further object of the present invention to 
provide such a longitudinally compliant vascular 
graft which permits a patient greater freedom of 
movement and which minimizes, the likelihood of 
the ends of the graft pulling loose from their asso- 
ciated anchor points when the graft is stretched 
due to movements of the patient's body. 

These and other objects of the present Inven- 
tion will t^ecome more apparent to those skilled in 
the art as the description thereof proceeds. 

Disclosure off Invention 

Briefly described, and in accordance with a 
preferred emk>odiment thereof, the present inven- 
tion relates to a longitudinally compliant PTFE vas- 
cular graft which Includes a length of expanded, 
porous PTFE material in tubular form. At least a 
portion of the PTFE tube Is initially compressed 
during manufacture of the longitudinally compliant 
graft, and a coating of a biocompatible elastomer, 
such as polyurethane, is applied over at least the 
compressed portion of the PTFE tube. The result- 
ing PTFE tube, Including the elastomeric coating 
formed upon the outer wall thereof, exhibits longitu- 
dinal compliance and may be stretched along the 
longitudinal axis of the tube within the portion of 
the tube that was compressed prior to application 
of the elastomeric coating. 

The PTFE tube may be compressed along its 
entire length prior to application of the elastomeric 
coating, in which case the resulting vascular graft 
exhibits longitudinal compliance over its entire 
length. Altematlvely. the vascular graft may be con- 
structed wherein only the end portions of the graft 
are Initially compressed prior to application of the 
elastomeric coating, in which case the resulting 
vascular graft exhibits longitudinal compliance with- 
in its end portions only. 



While polyurethane is the preferred elastomeric 
coating, other suitable elastomers include medical- 
grade silicone rubber elastomers, segmented 
polyurethanes. polyurethane-ureas, and sillcone- 

5 polyurethane copolymers. 

The present invention also relates to the meth- 
od by which such a longitudinally compliant PTFE 
vascular graft is produced. The prefenred method 
Includes the step of compressing the porous PTFE 

10 tube over at least a portion of its length while 
maintaining the internal diameter of the PTFE tube 
essentially constant A coating of a liquified 
biocompatible elastomer is then applied to the out- 
er cylindrical wall of the PTFE tube over at least 

75 the compressed portion thereof. As used herein, 
the term liquified elastomer should be understood 
to refer to an elastomer dissolved in a liquid sol- 
vent. The liquified elastomer coating is then dried 
while maintaining the compressed portion of the 

20 PTFE tube in its compressed position. 

Preferably, the PTFE tube is initially pulled 
over a supporting mandrel having an outer diam- 
eter that Is equal to or slightiy larger than the 
internal diameter of the PTFE tube fc)efore the 

26 PTFE tube is compressed. The mandrel aids in 
supporting the PTFE tube and in maintaining the 
internal diameter thereof constant, helps to main- 
tain the compressed portion of the PTFE tube in its 
compressed state during further processing steps, 

30 and also helps to prevent the liquified elastomer 
from reaching the inner cylindrical wall of the PTFE 
tube. 

The liquified elastomer may be applied by any 
mettiod which produces a controlled and uniform 

35 coating upon tiie outer cylindrical wall of the PTFE 
tube. Preferred coating methods include dip coat- 
ing the PTFE tube and its supporting mandrel into 
a container of the liquified elastomer, as well as 
spraying the liquified elastomer upon the PTFE 

40 tube while the tube is supported by the mandrel. 

Brieff Description of the Drawings 

Fig. 1 Is a perspective view of a longitudinally 
45 compliant PTFE vascular graft constructed in ac- 
cordance with the teachings of the present inven- 
tion, and shown in its initial unstretched condition. 

Fig. 2 is a perspective view of the longitudinally 
compliant PTFE vascular graft shown in Rg. 1 
50 while the same is k>eing stretched outwardly along 
its longitudinal axis to demonstrate the longitudinal 
compliance of such graft. 

Fig. 3 is a cross-sectional drawing of the vas- 
cular graft shown in Fig. 1 taken through the lines 
55 designated 3-3 within Fig. 1 . 

Fig. 4 is a top view of a porous PTFE tube 
pulled onto a supporting mandrel before the PTFE 
tube is compressed. 
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Fig. 5 shows the PTFE tube and supporting 
mandrel of Fig. 4 while the PTFE tube is being 
compressed along its longitudinal axis. 

Fig. 6 shows the PTFE tube and supporting 
mandrel of Rg. 5, along with anchoring wires for 
retaining the PTFE tube in its compressed con- 
dition during further processing steps. 

Fig. 7 is a front view of a dip coating apparatus 
adapted to apply a uniform etastomeric coating to 
the outer cylindrical wall of a compressed PTFE 
tube. 

Rg. 8 is a front view of a spray coating appara- 
tus which may be used to spray a liquified 
elastomer upon the outer cylindrical wall of a com- 
pressed PTFE tut>e to form a unifonfn elastomeric 
coating thereupon. 

Rg. 9 illustrates, in outline form, the implanta- 
tion of such a longitudinally compliant vascular 
graft within a patient's body to provide an axil- 
lofemoral bypass graft. 

Rg. 10 is a graft illustrating a typical load- 
extension curve which indicates the extension dis- 
tance typically observed for such a longitudinally 
compliant PTFE vascular graft as compared with 
the load, or force, applied to stretch apart the ends 
of the graft 

Fig. 11 illustrates a longitudinally compliant 
PTFE vascular graft wherein only the end portions 
thereof exhibit longitudinal compliance. 

Best Mode For Carrying Out The invention 

In Rg. 1 , a longitudinally compliant PTFE vas- 
cular graft is designated generally by reference 
numeral 20. As shown, vascular graft 20 is in 
tubular form and may be made to have any desired 
length and internal diameter. Within Rg. 1. dashed 
lines 22 indicate the central longitudinal axis of 
vascular graft 20. Vascular graft 20 Includes a first 
end 24 and an opposing second end 26. 

In Rg. 2, vascular graft 20 of Rg. 1 is shown 
being stretched from its opposing ends 24 and 26 
along longitudinal axis 22. Arrows 28 and 29 in- 
dicate that end 24 is pulled in a first direction along 
longitudinal axis 22, while arrows 30 and 31 in- 
dicate that opposing end 26 of vascular graft 20 is 
being pulled in the opposing direction. When the 
pulling forces designated by arrows 28-31 are re- 
moved from the ends 24 and 26 of vascular graft 
20, it returns to the unstretched condition shown in 
Rg. 1. 

Within Rg. 3, a cross section of vascular graft 
20 is shown. Vascular graft 20 includes an inner 
expanded, porous PTFE tube having a micro-struc- 
ture characterized by nodes interconnected by 
fibrils. PTFE tube 32 Includes an Inner cylindrical 
wall 34 and an opposing outer cylindrical wall 36. 
As shown in Fig. 3, outer cylindrical wall 36 is 
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coated entirely around its circumference by a uni- 
formly thick coating 38 of a biocompatible 
elastomer. 

The preferred starting material used to form 

5 PTFE tube 32 is expanded porous PTFE material 
of the type generally described within U.S. Patent 
No. 4,187,390 to Gore. Such expanded, porous 
PTFE material is commonly used to form pros- 
thetic vascular grafts. The preferred wall thickness 

10 of PTFE tube 32 ranges from .1 millimeter to 1.0 
millimeters; the preferred internodal distance within 
such expanded PTFE material ranges from 10 mi- 
crometers to 60 micrometers. The longitudinal ten- 
sile strength of such PTFE material Is preferably 

75 equal to or greater than 10.3x10^ Pa (1500 psi), and 
the radial tensile strength of such PTFE material is 
preferably equal to or greater than 2.8x10^ Pa (400 
psi). The suture retention strength of such PTFE 
starting material is preferably equal to or greater 

20 than 300 grams. 

In regard to elastomeric coating 38 shown in 
Rg. 3, such elastomeric coating is selected to be a 
biocompatible elastomer and may be selected from 
the group consisting of medical-grade silicone rub- 

25 ber elastomers, segmented polyurethanes, polyure- 
thane-ureas, and silicone-polyurethane copolymers. 
Suitable candidates for use as elastomeric coating 
38 typically have a hardness rating k>etween 50A- 
100A and 55D-60D. Most of the above-mentioned 

30 elastomers can be chemically or biologically modi- 
fied to improve biocompatability; such modified 
compounds are also candidates for use in forming 
etastomeric coating 38 shown in Rg. 3. 

Apart from biocompatability. other require- 

35 ments of an elastomer to t)e a suitable candidate 
for use as elastomeric coating 38 are that the 
elastomer be sufficiently elastic to maintain com- 
pressed portions of PTFE tube 32 in the com- 
pressed condition when vascular graft 20 is not 

40 being stretched. The elastomer should also be suf- 
ficiently elastic to effect instantaneous closure of 
suture holes formed by a suture needle. Elasticity 
should be balanced against the thickness of 
elastomeric coating 38, the objective being to se- 

^5 iect the minimum coating thickness necessary to 
prevent significant blood leakage through the su- 
ture hole locations without significantly Impeding 
suture needle penetration. Yet another requirement 
of such elastomers is that they be easily dissolv- 

50 able in low boiling point organic solvents such as 
tetrahydrofuran, methylene chloride, trich- 
loromethane. dioxane, and dimethylformamide, by 
way of example. Rnally, suitable elastomers should 
lend themselves to application to PTFE tube 32 by 

55 either the dip coating or spray coating methods 
described in greater detail below. 

The presently preferred elastomer used to form 
elastomeric coating 38 is a polyurethane formula- 



4 



7 



EP 0 473 727 B1 



8 



tion grade SG-80 sold under the trademark 
"TECOFLEX" by Thermedics, Inc. of Woburn, 
Massachusetts. Such formulations are considered 
medical grade aliphatic polyurethanes resins of so- 
lution processible grades. Such formulations are 
designed to be dissolved in various solvents for 
use in solution casting or for coating of medical 
products. The polyurethane fomiulation is prefer- 
ably dissolved in the solvent known as 
Tetrahydrofuran (THF), a solvent commercially 
available from Mallinckrodt, Inc. through the Sci- 
entific Products Division of Baxter Corp., of Irvine, 
California 

Further details concerning the prefenred con- 
struction of vascular graft 20 shown in Figs. 1-3 
can more readily be understood in conjunction with 
the preferred method by which vascular graft 20 is 
produced, it has already been noted above that 
PTFE tube 32 is formed of expanded, porous PTFE 
material of a type often used to fonm vascular 
prostheses. In practicing the preferred method, the 
PTFE starting material is initially in the form of a 
cylindrical tube having an inside diameter ranging 
from 1.0 millimeters to 30 millimeters, and ranging 
in length up to 100 centimeters. 

As mentioned at)Ove, the PTFE tube starting 
material is compressed along the longitudinal axis 
of the PTFE tube prior to application of the 
elastomeric coating to the outer cylindrical wall of 
the PTFE tube. The preferred manner of compress- 
ing the PTFE tube starting material will now be 
described in conjunction with Rgs. 4-6. Within 
Rgs. 4-6, the PTFE tube starting material Is des- 
ignated by reference numeral 66. As shown in Rg. 
4, PTFE tube 66 is pulled over a cylindrical sup- 
porting mandrel 68 which has an outer diameter 
that is equal to or slightly larger than the internal 
diameter of PTFE tube 66. Preferably, mandrel 68 
should be approximately 0.2-0.4 millimeters larger 
than the inside diameter of PTFE tube 66 to pre- 
vent PTFE tube 66 from sliding, which sliding 
might result in a non-uniformty compressed graft. 

The compression procedure is shown in Fig. 5 
and may be accomplished by manually squeezing 
PTFE tube 66 from both of Its ends until a pre- 
determined final compressed length is reached, as 
shown In Fig. 5. The preferred compression ratio, 
defined as the ratio of the final compressed length 
shown in Rg. 5 to the initial uncompressed length 
shown in Rg. 4, is 0.5-0.6. but may vary between 
0.3-0.9 depending upon the expansion ratios which 
were used when manufacturing the PTFE tube 
starting material, and depending upon the intended 
use of the final product. The appearance of the 
compressed PTFE tube 66 in Rg. 5 is neariy the 
same as that of the uncompressed PTFE tube 66 
shown in Rg. 4, except that the compressed tube 
wall is more dense. Visually, the compressed PTFE 



tubing is no different from the original uncompres- 
sed tubing; no folding or wrinkling of PTFE tube 66 
occurs, since the porous wall structure thereof easi- 
ly allows compression back to the starting length 

5 (not shown) of the PTFE tube structure before it 
was expanded during the manufacturing process to 
form a porous tube. 

The assignee of the present Invention has long 
marketed PTFE vascular grafts having a pair of 

10 blue lines extending longitudinally along the PTFE 
graft upon the outer cylindrical wall thereof. In 
perfomning the compression procedure shown In 
Rg. 5, it was noted that the aforementioned blue 
lines become somewhat daricer In color as PTFE 

75 tube 66 is compressed. One method of detenmin- 
ing the uniformity of the compression procedure 
shown in Rg. 5 Is to visually check the color 
density of the aforementioned blue lines throughout 
the length of the compressed PTFE tube 66. 

20 As shown in Rg. 6, once PTFE tube 66 has 
been uniformly compressed along its length, it is 
hotel in place upon mandrel 68 by a pair of k)rass 
wires 62 and 64 which are tied about the ends of 
compressed PTFE tube 66. The end portions se- 

25 cured by brass wire 62 and 64 are subsequentiy 
trimmed off during quality control procedures after 
the manufacture of the vascular graft is completed. 

Following the aforementioned compression pro- 
cess, the above-described elastomeric coating may 

30 then be applied to the outer cylindrical wall of 
compressed PTFE tube 66. As mentioned above, 
the two pretended methods of applying the 
elastomeric coating are dip coating and spraying. 
Regardless of which application method Is used. 

35 the preferred method of formulating the liquified 
elastomer is the same. As has been described, the 
preferred liquified elastomer is formed by preparing 
a solution of "Tecoflex" polyurethane grade SG- 
80A. This solution is prepared by dissolving poly- 

40 urethane pellets in the above-described 
terahydrofuran solvent in a heated glass reactor 
equipped with a cold water condenser held at 60* 
C. Such polyurethane pellets may also be dls- 
soh^ed In the solvent at room temperature through 

45 continuous stirring. The use of the heated reactor is 
preferred, as it dissolves the polyurethane pellets 
in a few hours, whereas the method of stimng the 
solution at room temperature takes approximately 
two days. 

50 The preferred solids content for "Tecoflex" 
grade SG-80A is 2-4 percent by weight; however, 
the solids content may range up to 15 percent by 
weight, depending upon the specific polymer com- 
position, the dip coating parameters, and the in- 

55 tended end uses. Where multiple coatings are em- 
ployed, the composition of the polyurethane solu- 
tion may be varied between coating layers. For 
example, it might be advantageous to apply pro- 
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gressively more dilute polyurethane solutions to the 
underlying PTFE tube. 

Following preparation of the liquified polyure- 
thane solution as descrik>ed above, the next step is 
to apply the polyurethane solution as a coating 
upon the outer wall of compressed PTFE tube 66. 
The method of dip coating the compressed PTFE 
tube will now be described in conjunction with Fig. 
7, which illustrates a dip coating machine. 

Fig. 7 illustrates a dip coating machine des- 
ignated generally by reference numeral 65. As 
mentioned above, mandrel 68 Is preferably se- 
lected to have a diameter that is approximately 0.2- 
0.4 millimeters larger than the inside diameter of 
PTFE tube 66 to prevent PTFE tube 66 from slid- 
ing upon mandrel 68 during the coating process. 
Preferably, the compressed length of PTFE tube 
66 is approximately 25-30 centimeters. Lengths in 
excess of 30 centimeters are not pretended due to 
the effects of gravity pulling upon the polyurethane 
coating during the coating process; attempts to 
process compressed PTFE tube sections much in 
excess of 2&-30 centimeters in length can result in 
uneven coating thicknesses as measured between 
the top and tx^ttom of mandrel 68. 

As shown in Rg. 7, mandrel 68 extends verti- 
cally downward from a motor 70 which continu- 
ously rotates mandrel 68 and compressed PTFE 
tube 66 secured thereto. Motor 70 is, in turn, 
supported by a bracket 72 adapted to travel verti- 
cally upward and downward. Bracket 72 includes a 
smooth tNJShing 74 through which a smooth vertical 
support rod 76 passes. Bushing 74 is adapted to 
slide upwardly and downwardly along support rod 
76. Bracket 72 further includes a threaded collar 78 
through which a threaded rotatable drive rod 80 
passes. The lowemr^ost end of drive rod 80 Is 
secured to the drive shaft of a second motor 82 
which rotates in a first rotational direction to raise 
mandrel 68 and which rotates in an opposing rota- 
tional direction to lower mandrel 68. Both motor 82 
and support rod 76 are supported at their lower 
ends by a base 84. The upper end of support rod 
76 is fixedly secured to bracket 86 which rotatably 
supports the upper end of drive rod 80. 

Motor 82 of dip coating machine 65 Is initially 
operated to raise mandrel 68 to its uppermost 
position. A tall, slender container 88 containing the 
above-described polyurethane solution 90 Is placed 
upon base 84 immediately below mandrel 68. Mo- 
tor 82 may then be operated in the reverse rota- 
tional direction to lower mandrel 68, and PTFE tube 
section 66 secured thereto, into polyurethane solu- 
tion 90. 

The variables controlled by dip coating ma- 
chine 65 include the speed at which mandrel 68 is 
Immersed and withdrawn, the rotational speed of 
mandrel 68, and ttie drying time between succes- 



sive coatings. These parameters are controlled to 
ensure that the polymer coating penetration is re- 
stricted to the outer layers of the PTFE tube sec- 
tion 66. 

5 Ihe preferred number of polyurethane solution 
coatings applied to compressed PTFE tube 66 is 
eight, but may range between one and twenty 
coatings, depending upon the concentration of the 
elastomer solution used in the dipping process, 

10 and depending upon the intended use of the end 
product. The preferred coating thickness at ttie 
completion of the dip coating process is between 
.06-.08 millimeters, but may vary up to two millime- 
ters, depending upon tiie dimensions of the coated 

75 tube and the elastomer solution concentration. 

The dip coating procedure of immersing and 
tiien withdrawing compressed PTFE tube 66 is a 
continuous process, and compressed PTFE tube 
66 is continuously in motion at any given time 

20 during the procedure. Drying intervals between 
successive polyurethane coatings can vary up to a 
few hours depending upon the type of solvent used 
and the drying conditions. Compressed PTFE tube 
66 is dried in ambient air, preferably in an inert 

25 atmosphere, but may also be dried at elevated 
temperatures of 40-100* C. Compressed PTFE 
tube 66 remains secured to mandrel 68 until the 
coating and drying process described above is 
completed. When the last of the eight coatings has 

30 substantially dried, compressed PTFE tube 66 is 
further dried under vacuum at 50* C at 1333-2000 
Pa (10-15 mmHg) vacuum for 10-24 hours to com- 
pletely remove any remaining solvents. The poly- 
urethane coated compressed PTFE tut>e is then 

35 removed from mandrel 68, and the end portions 
previously secured by brass wires 62 and 64 are 
trimmed off. 

A second method for applying the polyure- 
thane coating to the PTFE tube Involves the use of 

40 spraying and will now be described in conjunction 
witii the spray coating machine shown in Fig. 8. 
The polyurethane solution to be sprayed is first 
prepared In the same manner as described above 
for the dip coating precess. The polyurethane solu- 

45 tion is inserted within cylinder 92 of a pump 94 for 
delivery through a plastic tube 96 to a spray nozzle 
98. An inert gas, such as nitrogen, is also supplied 
to spray nozzle 98 through connecting tube 100 
from supply tank 102. An inert gas is preferably 

50 used to minimize reactions which polyurethane can 
undergo upon exposure to air and oxygen. 

Still refenring to Rg. 8, compressed PTFE tube 
66* is again stretched over a mandrel 68*. Once 
again, mandrel 68' is preferably of a diameter 

55 slightly larger than the inner diameter of com- 
pressed PTFE tube 66* to prevent compressed 
PTFE tube 66* from sliding thereupon. Mandrel 68* 
is supported for rotation about a horizontal axis. 
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One end of mandrel 68' is coupled to the drive 
shaft of a first motor (not shown) within motor 
housing 104, while the opposite end of mandrel 68 
is rotatably supported by bracket 106. Both motor 
housing 104 and bracken 106 are supported upon 
base 108. The aforementioned first motor continu- 
ously rotates mandrel 68' at speeds of up to 500 
rotations per minute. 

Spray nozzle 98 is supported for reciprocal 
movement ak)ove and along mandrel 68*. As shown 
in Rg. 8. spray nozzle 98 is secured to support rod 
110 which includes at its lowermost end a caniage 
112. A threaded drive rod 114 is coupled at a first 
end to the drive shaft of a second motor (not 
shown) within motor housing 104 for being rotated 
thereby. The opposite end of threaded drive rod 
114 is supported by and freely rotates within brack- 
et 106. Threaded drive rod 114 threadedly engages 
a threaded collar (not shown) within carriage 112. 
Accordingly, rotation of drive rod 114 causes car- 
riage 112, and hence spray nozzle 98, to move in 
the directions designated by dual headed arrow 
116, depending upon the direction of rotation of 
drive rod 114. Also shown in Rg. 5 are a pair of 
microswitches 118 and 120 which are periodically 
engaged by carriage 112 and which, when ac- 
tuated, reverse the direction of rotation of threaded 
drive rod 114 in a manner which causes spray 
nozzle 98 to reciprocate back and forth along man- 
drel 68'. 

As shown in Rg. 8, spray nozzle 98 makes 
several passes along mandrel 68', repetitively 
spraying compressed PTFE tut)e 66' as it rotates. 
Spray nozzle 98 is caused to travel at a linear 
speed of up to 50 centimeters per minute. The 
polyurethane coating thickness which results from 
this spraying process Is determined by the speed 
of rotation of mandrel 68', the linear speed of spray 
nozzle 98, the concentration of polyurethane solu- 
tion, as well as the rates of delivery of both the 
polyurethane solution by pump 94 and the rate of 
delivery of inert gas. These rates of delivery may 
range up to 5 milliliters per minute for the polyure- 
thane solution, and up to 5 liters per minute for the 
nitrogen gas. After an appropriate number of spray 
cycles, the compressed PTFE tube 66' is vacuum 
dried, pulled from mandrel 68', and the end por- 
tions are trimmed, all in the same manner as 
described above. 

As mentioned above, the extreme end portions 
of the polyurethane-coated PTFE tube may be 
trimmed off at the completion of the coating and 
drying steps. These trimmed end portions may be 
used as test samples to determine the uniformity of 
compression of the PTFE tube. Shown in Rg. 10 is 
a load-extension curve showing the amount of force 
or load which must t>e applied to cause a typical 
sample of a longitudinally compliant PTFE vascular 



graft to be stretched or extended by a given dis- 
tance. With Fig. 10, the horizontal axis indicates the 
extension distance in cm Onches), while the vertical 
axid indicates the required toad or force, in kg 

5 (pounds), to cause such extension. The aforemen- 
tioned test samples trimmed from the polyure- 
thane-coated compressed PTFE tube may be test- 
ed and compared to a typical load-extension curve 
to determine whether both ends of the tube are 

70 within required tolerance limits. 

While the compression process described 
above in conjunction with Rgs. 4-6 is adapted to 
untfonnly compress the PTFE tube along its entire 
length for producing a vascular graft that stretches 

75 along its entire length, those skilled in the art will 
appreciate that the regions of the PTFE tube that 
are to be compressed may be localized. For exam- 
ple, it may be desired to provide a vascular graft 
like that shown in Rg. 1 1 wherein only the oppos- 

20 ing end portions 124 and 126 of vascular graft 128 
are to be longitudinally elastic. In this instance, it 
should be understood that the compressive forces 
applied to PTFE tube 66 in Rgs. 4 and 5 may iDe 
localized to the end portions 124 and 126 (see Rg. 

25 11), whereby only end portions 124 and 126 will be 
longitudinally elastic following the aforementioned 
coating and drying operations. Altematively, the 
compressive forces applied to PTFE tube 66, 
shown In Rgs. 4 and 5, may be localized to the 

30 central region of PTFE tube 66, whereby only the 
central portion of the resulting vascular graft exhib- 
its longitudinal elasticity. 

While the dip coating and spray coating meth- 
ods described above in conjunction with Rgs. 7 

35 and 8 are directed to the process of coating the 
entire outer cylindrical wall of the compressed 
PTFE tube, those skilled in the art will appreciate 
that such dip coating and spray coating methods 
may be used to form an elastomeric coating upon 

40 only portions of the PTFE tube, particularly if less 
than the entire PTFE tube is bemg compressed, as 
it is usually necessary to coat only those portions 
of the PTFE tube which are compressed. For ex- 
ample, in the manufacture of the vascular graft 

45 product shown in Rg. 11 wherein only the end 
portions 124 and 126 are longitudinally elastic, it is 
not necessary to coat the central region of the 
PTFE tube with the liquified elastomer. Accord- 
ingly, tiie dip coating process illustrated in Rg. 7 

50 may be practiced by dipping only one end of PTFE 
tube 66 into the liquified polyurethane solution 90; 
after the desired number of coatings have been 
applied to the lower end of PTFE tube 66, mandrel 
68 may be inverted to cause the opposite end of 

55 PTFE tube 66 to be Immersed within polyurethane 
solution 90. Similarly, in Fig. 8, spray nozzle 98 
may be maintained away from the central region of 
PTFE tube 66' to avoid spraying such central re- 
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gion with the liquified elastomer. Alternatively, a 
cylindrical shield (not shown) may be extended 
around the central portion of PTFE tube 66' within 
the spray coating apparatus of Rg. 8 to prevent the 
liquified polyurethane spray from contacting the s 
central region of PTFE tube 66*. 

In Rg. 9, the use of a longitudinally compliant 
PTFE vascular graft is illustrated. Longitudinally 
compliant PTFE graft 130 has been Implanted with- 
in patient 132 to provide an axillofemoral bypass io 
graft. The lower end of vascular graft 130 Is shown 
anchored to femoral artery 134. while the upper 
end of vascular graft 130 is shown anchored to 
axillary artery 136. When conventional, nonconv 
pliant PTFE grafts are used to perfbnm such a 75 
bypass, the raising of arm 138. as shown in Fig. 9, 
places tension on graft 130. and places stress upon 
the sutured ends of graft 130, sometimes causing 
such ends to pull loose from the points at which 
they have been anastomosed to the aforemen- 20 
tioned arteries. In contrast, the use of longitudinally 
compliant vascular graft 130 in such applications 
permits the graft to be stretched without imparting 
undue stress upon the anchored ends, thereby 
permitting the patient, greater freedom of move- 25 
ment. 

Those skilled in the art will now appreciate that 
an Improved PTFE vascular graft has been de- 
scribed which is longitudinally compliant and which 
may t>e used wherever noncompliant PTFE pros- so 
thetic vascular grafts are currently used today, in- 
cluding various applications in k>oth peripheral vas- 
cular and vascular access uses. The above-de- 
scribed longitudinally compliant graft may be im- 
planted in the same manner as is cunrently used to 35 
implant noncompliant PTFE vascular grafts. More- 
over, the elastomeric coating minimizes suture hole 
bleeding at the time of implantation, increases su- 
ture retention strength, reduces serous weepage. 
and inhibits tissue ingrowth. 40 

Claims 

1. A longitudinally compliant vascular graft (20) 
comprising a length of porous PTFE tubing 45 
(32) having a micro-structure with nodes inter- 
connected by fibrils, said porous PTFE tubing 
being adapted to be stretched along a central 
longitudinal axis (22) of said PTFE tubing (32) 
and Including an outer cylindrical wall (36) so 
coated with a biocompatible elastomer (38) 
characterized in that at least a portion of said 
PTFE tubing has been compressed along the 
central longitudinal axis (22) thereof following 
the production of said PTFE tubing and the 55 
elastomer coating has been applied at least 
over the compressed portions of the graft in 
their compressed state, said compressed por- 
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tion of said PTFE tubing coated by said 
biocompatible elastomer being adapted to be 
stretched along the central longitudinal axis 
(22) of said PTFE tubing (32). 

Z A longitudinally compliant graft (20) as recited 
by Claim 1 wherein said coating of a biocom- 
patible elastomer (38) is a polyurethane coat- 
ing. 

3. A longitudinally compliant graft (20) as recited 
by Claim 1 wherein said biocompatible 
elastomer (38) is selected from the group of 
elastomers consisting of medical-grade sili- 
cone rubt)er elastomers. segmented 
polyurethanes, polyurethane-ureas, and sili- 
cone-polyurethane copolymers. 

4. A longitudinally compliant graft (20) as recited 
by Claim 1 wherein said coating of a biocom- 
patible elastomer (38) is a non-porous coating. 

5. A method of producing a longitudinally compli- 
ant PTFE vascular graft (20) which is adapted 
to be stretched along its longitudinal axis, said 
method comprising the steps of: 

a. providing a porous PTFE tube (66) having 
a predetermined internal diameter and hav- 
ing a longitudinal axis, and including an 
outer cylindrical wall; 

b. compressing at least a portion of the tube 
(66) along its longitudinal axis while main- 
taining the predetennnined internal diameter 
of the tube sut>stantially constant; 

c. applying a coating of a liquified elastomer 
to the outer cylindrical wall of the tube over 
at least the compressed portion thereof; and 

d. drying the coating of liquified elastomer 
upon the outer cylindrical wall of the tube 
while maintaining the compressed portion of 
the tube in a compressed condition. 

6. The method recited by Claim 5 wherein said 
compressing step includes the steps of: 

a. ' pulling the PTFE tube over a cylindrical 
mandrel (68) having an outer diameter of 
approximately the same dimension as the 
Internal diameter of the PTFE tube; and 

b. compressing at least a portion of the 
PTFE tube (66) along the longitudinal axis 
of the tube while the tut>e is supported by 
the mandrel. 

7. The method recited by Claim 6 wherein said 
coating step includes the step of dip coating at 
least the compressed portion of the PTFE tube 
(66) into a container of the liquified elastomer 
while said PTFE tube is supported upon the 
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mandrel (68). 

8. The method recited by Claim 6 wherein said 
coating step includes the step of spraying the 
liquified elastomer upon the outer cylindrical 
wall of the PTFE tube (66) over at least the 
compressed portion of the PTFE tube while 
the PTFE tube is supported upon the mandrel 
(68). 

9. The method recited by Claim 5 wherein the 
elastomer is selected from the group of 
elastomer consisting of medical-grade silicone 
rubl3er elastomer, segmented polyurethanes, 
polyurethane-ureas. and silicone-polyurethane 
copolymers. 

10. The method recited by Claim 5 wherein PTFE 
tube has first and second end portions 
(124,126), and wherein said compressing step 
compresses only the first and second end por- 
tions of the PTFE tube without compressing 
the central portion (128) thereof extending be- 
tween the first and second end portions. 

11. The metiiod recited by Claim 10 wherein said 
coating step includes the step of applying a 
coating of the liquified elastomer to the entire 
outer cyiindrical wall of the PTFE tube (66). 

12. The method recited by Claim 5 wherein said 
compressing step includes the step of com- 
pressing the PTFE tube (66) uniformly along 
its entire length, and wherein said coating step 
includes the step of applying the liquified 
elastomer over the entire outer cylindrical wall 
of the PTFE tube. 

13. A longitudinally compliant vascular graft (20) 
resulting from using the method comprising 
the steps of: 

a. providing a porous PTFE tube (66) having 
a predetemnined internal diameter and hav- 
ing a longitudinal axis, and including an 
outer cylindrical wall; 

b. compressing at least a portion of the tube 
along its longitudinal axis while maintaining 
the predetermined intemal diameter of the 
tube substantially constant; 

c. applying a coating of a liquified elastomer 
to the outer cylindrical wall of the tube over 
at least the compressed portion thereof; and 

d. drying the coating of liquified elastomer 
upon the outer cylindrical wall of the tube 
while maintaining the compressed portion of 
the tube in a compressed condition. 



14. The longitudinally compliant vascular graft (20) 
recited by Claim 13, wherein tiie compressing 
step of the method used to produce such graft 
includes: 

5 a. pulling the PTFE tube over a cylindrical 

mandre) (68) having an outer diameter of 
approximately the same dimension as the 
internal diameter of the PTFE tube; and 
b. compressing at least a portion of the 

10 PTFE tufc>e (66) along the longitudinal axis 

of the tube while the tube is supported by 
the mandrel (68). 

15. The longitudinally compliant vascular graft (20) 
75 recited by Claim 14. wherein the coating step 

of the method used to produce such graft 
includes the step of dip coating at least the 
compressed portion of the PTFE tube (66) into 
a container of the liquified elastomer while said 
20 PTFE tube is supported upon the mandrel 
(68). 

16. The longitudinally compliant vascular graft (20) 
recited by Claim 14, wherein the coating step 

25 of the metiiod used to produce such graft 
includes the step of spraying the liquified 
elastomer upon the outer cylindrical wall of the 
PTFE tube (66) over at least the compressed 
portion of the PTFE tube while the PTFE tube 

30 is supported upon the mandrel (68). 

17. The longitudinally compliant vascular graft (20) 
recited by Claim 14, wherein said elastomer is 
selected from tiie group of the elastomers con- 

35 sisting of medical-grade silicone rubt)er 
elastomers, segmented polyurethanes, poly- 
urethane-ureas. and silicone-polyurethane 
copolymers. 

40 18w The longitudinally compliant vascular graft re- 
cited by Claim 13 wherein ttie PTFE tube (66) 
has first and second opposing end portions 
(124.126) and a central portion (128) lying 
tiierebetween. and wherein the compressing 

45 step of the method used to produce such 
vascular graft includes the step of compressing 
only the first and second end portions 
(124,126) of the PTFE tube without compress- 
ing the central portion (128) thereof extending 

50 between the first and second end portions. 

19. The longitudinally compliant vascular graft (9)) 
recited by Claim 18 wherein the coating step 
of tiie method used to produce such vascular 
55 graft includes tiie step of applying a coating of 
the liquitied elastomer to the entire outer cylin- 
drical wall of the PTFE tube. 
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PatentansprUche 

1. In LSngsrichtung nachgiebiges GefMBtransplan- 
tat (20), umfassend ein LSngsstUck eines por5- 

sen PTFE-Schlauchs (32) mit einer Mikrostmk- 5 
tur mit Knoten, die durch Rbrillen vert)unden 
sind, wobei der besagte porQse PTFE- 
Schlauch geeignet ist, entlang einer zentraien 
Uingsachse (22) des PTFE-Schlauchs (32) ge- 
dehnt zu warden und eine auBere zylindrlsche io 
Wand (36) beinhaltet, die mit elnem biokompa- 
tiblen Elastomer (38) beschichtet 1st, dadurch 
gekennzeichnet, daB mindestens ein Teil des 
besagten PTFE-Schlauchs entlang der zentra- 
ien LMngsachse (22) nach der Herstellung des 75 
PTFE-Schlauchs komprimiert wurde und daB 
die Elastomerbeschichtung mindestens auf 
den komprimlerten Teilen des Transplantats in 
komprimiertem Zustand aufgebracht wurde, 
wobei besagte komprimierte Telle des PTFE- 20 
Schlauchs, die mit dem biokompatiblen Elasto- 
mer beschichtet sind. geeignet sInd, entlang 
der zentraien Langsachse (22) des PTFE- 
Schlauchs (32) gedehnt zu werden. 

2. In Langsrichtung nachgiebiges Transplantat 
(20) gemSB Anspruch 1, wobei die Beschich- 
tung aus elnem biokompatiblen Elastomer (38) 
eine Polyurethanbeschichtung ist. 

3.. In Langsrichtung nachgiebiges Transplantat 
(20) gemiB Anspruch 1, wobei das blokompati- 
ble Elastomer (38) ausgewShIt wird aus der 
Gruppe von Elastomeren, die aus medlzini- 
schen Sillcongummi-Elastomeren, segmentier- 35 
ten Polyurethanen, Polyurethanharnstoffen und 
Siliconpolyurethan-Copolymeren besteht. 

4. In LMngsrichtung nachgiebiges Transplantat 

(20) gemMB Anspruch 1. wobei die Beschich- 40 
tung aus elnem biokompatiblen Elastomer (38) 
eine nicht-pordse Beschichtung ist. 

5. Verfahren zur Herstellung eines In LSngsrich- 
tung nachgiebigen PTFE-GefSBtransplantats 45 
(20), das geeignet ist, entlang seiner Langs- 
achse gedehnt zu werden, umfassend die 
Schritte: 

a. Bereitstellung einer porSsen PTFE-R5hre 

(66) mit elnem vorbestimmten Innendurch- so 
messer und mit einer LSngsachse und einer 
SuBeren zylindrischen Wand; 

b. Komprimierung mindestens eines Ab- 
schnitts der R5hre (66) entlang Ihrer Uings- 
achse, wSihrend der vorbestimmte Innen- 55 
durchmesser der R5hre im wesentlichen 
konstant gehalten wird; 
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c. Aufbringen einer Beschichtung eines ver- 
flUssigten Elastomers auf die SuBere zylin- 
drlsche Wand der R5hre Qber mindestens 
den komprimlerten Abschnitt; und 

d. Trocknen der Beschichtung aus verflOs- 
sigtem Elastomer auf der SuBeren zylindri- 
schen Wand der Rohre, wShrend der kom- 
primierte Abschnitt der Rohre In elnem 
komprimlerten Zustand gehalten wird. 

6. Verfahren gemaB Anspruch 5, wobei der Kom- 
primierungsschritt die folgenden Schritte bein- 
haltet: 

a. Aufziehen der PTFE-R5hre Ober einen 
zylindrischen Dom (68), der einen AuBen- 
durchmesser ungefahr derselben Dlmensio- 
nierung wte der Innendurchmesser der 
PTFE-Rohre hat; und 

b. Komprimieren mindestens eines Ab- 
schnitts der PTFE-Rohre (66) entlang der 
liingsachse der Rohre. wahrend die Rohre 
von dem Dom gehalten wird. 

7. Verfahren gemSfi Anspruch 6, wobei der Be- 
schichtungsschritt den Schritt einer Tauchbe- 
schichtung von mindestens dem komprimler- 
ten Abschnitt der PTFE-R5hre (66) in einen 
Behalter mit dem verflGssigten Elastomer, 
wSihrend die PTFE-R5hre auf dem Dorn (68) 
gehalten wird, t>einhalteL 

8. Verfahren gemSB Anspruch 6, wobei der Be- 
schichtungsschrltt beinhaltet den Schritt eines 
Spruhens des verflQssigten Elastomers auf die 
MuBere zylindrische Wand der PTFE-R^hre 
(66) Uber mindestens den komprimlerten At)- 
schnitt der PTFE-R5hre, wShrend die PTFE- 
Rohre auf dem Dorn (68) gehalten wird. 

9. Verfahren gemaB Anspruch 5, wobei das Ela- 
stomer ausgewahit wird aus der Gruppe von 
Elastomeren, die aus medizlnischem Silicon- 
gumml-Elastomer. segmentierten Polyuretha- 
nen, Polyurethanharnstoffen und Sillconpolyu- 
rethan-Copolymeren besteht 

10. Verfahren gemSB Anspruch 5, wobei die 
PTFE- Ro he einen ersten und einen zwelten 
Endabschnitt (124, 126) hat und wobei der 
Komprimierungsschritt nur den ersten und 
zwelten Endabschnitt der PTFE-Rdhre kompri- 
miert, ohne den zentraien Berelch (128), der 
sich zwischen dem ersten und zweiten Endab- 
schnitt erstreckt, zu komprimieren. 

11. Verfahren gemaB Anspruch 10, wobei der Be- 
schichtungsschritt den Schritt eines Aufbrin- 
gens einer Beschichtung des verflUssigten Ela- 
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stomers auf die gesamte auBere zylindrische 
Wand der PTFE-Rdhre (66) beinhaltet. 

12. Verfahren gemdB Anspruch 5, wobei der Kom- 
primierungsschritt den Schritt einer gleichmS- 
Bigen Komprimierung der PTFE-R5hre (66) 
entlang ihrer gesamten Unge beinhaltet. und 
wobei der Beschichtungsschritt den Schritt ei- 
nes Aufbringens des verflOssigten Elastomers 
Uber die gesamte auBere zylindrische Wand 
der PTFE-Rohre beinhaltet 

13^ In Langsrichtung nachglebiges GefUBtransplan- 
tat (20), das erhalten wird bei Anwendung des 
Verfahrens, das die folgenden Schritte umfaBt: 

a. Bereltstellung einer pordsen PTFE-Rohre 
(66) mit einem vorbestimmten Innendurch- 
messer und mit einer Langsachse und ein- 
schlieBlich einer Sufieren zylindrischen 
Wand; 

b. Komprimieren mindestens eines Ab- 
schnitts der R5hre entlang ihrer LSngsach- 
se. wMhrend der vorbestimmte InnerKJurch- 
messer der Rdhre im wesentllchen kon- 
stantgehalten wIrd; 

c. Auftragung einer Beschichtung eines ver- 
flOssigten Elastomers auf die AuBere zylin- 
drische Wand der Rohre uber mindestens 
deren komprimierten Abschnitt; und 

d. Trocknen der Beschichtung des verflOs- 
sigten Elastomers auf der auBeren zylindri- 
schen Wand der R5hre, wShrend der kom- 
primierte Abschnitt der R5hre in einem 
komprimierten Zustand gehalten wird. 

14. In Langsrichtung nachglebiges GefaBtransptan- 
tat (20) gemSB Anspruch 13, wobei der Kom- 
primierungsschrltt des Verfahrens zur Herstel- 
lung solch eines Transplantats beinhaltet: 

a. Aufzlehen der PTFE-Rohre Qber einen 
zylindrischen Dorn (68), der einen Aufien- 
durchmesser ungefShr derselben Dimenslo- 
nlerung wie der Innendurchmesser der 
PTFE-R5hre hat; und 

b. Komprimierung mindestens eines Ab- 
schnitts der PTFE-Rohre (66) entlang der 
Liingsachse der R5hre, wMhrend die R5hre 
von dem Dorn (68) gehalten wird. 

15. In Ulngsrichtung nachglebiges QefaBtransplan- 
tat (20) gemSlB Anspruch 14, wobei der Be- 
schichtungsschritt des Verfahrens, das verwen- 
det wird, urn solch ein Transplantat herzustel- 
len, den Schritt einer Tauchbeschichtung von 
mindestens des komprimierten Abschnittes der 
PTFE-Rohre (66) in einem Behalter mit dem 
verflOssigten Elastomer, wShrend die PTFE- 
Rohre auf dem Dorn (68) gehalten wird, bein- 



haltet. 

18. In Langsrichtung nachglebiges GefaBtransplan- 
tat (20) gemdB Anspruch 14, wobei der Be- 

5 schichtungsschritt des Verfahrens, das verwen- 

det wird, um solch ein Transplantat herzustel- 
len, den Schritt eines SprOhens des verflOssig- 
ten Elastomers auf die auBere zylindrische 
Wand der PTFE-R<5hre (66) Ober mindestens 

10 den komprimierten Abschnitt der PTFE-Rohre, 
wShrend die PTFE-Rohre auf dem Dorn (68) 
gehalten wird, beinhaltet. 

17. In LSngsrIchtung nachglebiges GefSBtransplan- 
15 tat (20) gemSfi Anspruch 14, wot)el das Basto- 
mer ausgewahit wird aus der Gruppe von Ela- 
stomeren, die aus medizinischen Silicongum- 
mi-Elastomeren, segmentierten Polyurethanen, 
Polyurethanharnstoffen und Siliconpolyurethan- 
20 Copolymeren besteht. 

18w In Ulngsrichtung nachglebiges GeliBtransptan- 
tat gemMB Anspmch 13, wobei die PTFE-Rdh- 
re (66) einen ersten und einen zwelten gegen- 

25 Uberiiegenden Endabschnitt (124, 126) und ei- 
nen dazwischen liegenden zentralen Abschnitt 
(128) hat und wobei der Kompremierungs- 
schritt des Verfahrens, das verwendet wird, um 
solch ein Gef3Btranspiantat herzustetlen, den 

30 Schritt eines Komprimierens von nur dem er- 

sten und zwelten Endabschnitt (124, 126) der 
PTFE-Rdhre, ohne daB der zentrale Abschnitt 
(128). der sich zwischen dem ersten und zwel- 
ten Endabschnitt erstreckt, komprimlert wird» 

3S belnhaftet. 

19. In Langsrichtung nachglebiges GefSBtransplan- 
tat (20) gemaB Anspruch 18, wobei der Be- 
schichtungsschritt des Verfahrens, das verwen- 

40 det wird, um solch ein GefaBtransplantat her- 
zustellen, den Schritt eines Auftragens einer 
Beschichtung aus dem verflOssigten Elastomer 
auf die gesamte SuBere zylindrische Wand der 
PTFE-R6hre beinhaltet 

45 

Revendlcations 

1. Greffe vasculaire (20) d^formable longitudina- 
lement, comportant une longueur de tube en 

50 PTFE poreux (32) pr^sentant une microstructu- 
re comportant des noeuds relics par des fibril- 
les, ledit tube en PTFE poreux ^tant adapts 
pour §tre ^tir^ le long d*un axe longitudinal 
central (22) dudit tube en PTFE (32), et com- 

55 prenant une parol cyllndrique ext^rieure (36) 
revetue d'un 4lastom^re biocompatible (38), 
caract§ris^e en ce qu*au moins une partie du- 
dit tube en PTFE a comprimee le long de 
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son axe longitudinal central (22), h la suite de 
la production dudit tube en PTFE, et en ce que 
le revetement ^lastomdre a ^t^ appliqu4 au 
moins sur les parties confiprlm^es de la greffe, 
dans leur ^tat comprim^, ladite partie compri- 
m6e dudit tube en PTFE, rev§tue par tedit 
^lastom^re biocompatible, 6tant adapt^e pour 
§tre ^tir^e le long de I'axe longitudinal central 
(22) dudit tube en PTFE (32). 

2. Greffe d^formable longitudinalement (20) selon 
la revendication 1, dans laquelle (edit rev§te- 
ment en un dlastom^re bioconnpatible (38) est 
un rev§tement de polyur^tliane. 

3w Greffe d^fonmable longitudinalement (20) selon 
la revendication 1, dans laquelle ledit ^lasto- 
mdre biocompatible (38) est choisi dans ie 
groupe d'^iastom^res constitu^s par les ^lasto- 
m^res de caoutchouc silicone, les polyur^tha- 
nes segment^s, les copolym^res de polyur^ 
thane et d'ur^e et les copolym^res de silicone 
et de polyurSthane, ces ^lastom^res §tant de 
quality m^dicale. 

4. Greffe d^formable longitudinaleiment (20) selon 
la revendication 1, dans laquelle ledit rev§te- 
ment en un ^lastom^re biocompatible (38) est 
un rev§tement non poreux. 

5. Precede de production d'une greffe vasculaire 
en PTFE d^formable longitudinalement (20) 
qui est adapt^e pour §tre 6tir6e le long de son 
axe longitudinal, ledit procddd comportant les 
Stapes consistant h: 

a. foumir un tube en PTFE poreux (66) 
pr^sentant un diamdtre int^rieur pr^d^tenmi- 
n6 et pr^sentant un axe longitudinal, et 
comprenant une parol cylindrique ext^rieu^ 
re; 

b. comprimer au moins une partie du tube 
(66) le long de son axe longitudinal tout en 
maintenant essentiellement constant le dia- 
m^tre int^rieur pr^d^termin^ du tut>e; 

c. appliquer un revetement en un 6lastom§- 
re liqu^fi^ sur la parol cylindrique ext^rieure 
du tube, sur au moins sa partie comprim^e; 
et 

d. s^cher le revetement d'6lastom6re Iiqu6- 
fi^ sur la paroi cylindrique ext^rieure du 
tube tout en maintenant la partie comprim^e 
du tut>e dans un 4tat comprim^. 

6. Proc^d^ selon la revendication 5. dans lequel 
ladite dtape de compression comporte les Sta- 
pes consistant k: 

a. tirer le tube en PTFE sur un mandrin 
cylindrique (68) pr^sentant un diam^tre ex- 



t^rieur approximativement de m§me dimen- 
sion que le diamfetre int^rieur du tube en 
PTFE; et 

b. comprimer au moins une partie du tube 
5 en PTFE (66) le long de I'axe longitudinal 

du tube pendant que le tube est soutenu 
par le mandrin. 

7. Proc^d^ selon la revendication 6, dans lequel 
10 ladite ^tape de rev§tement comprend I'^tape 
consistant k revetir par immersion au moins la 
partie comprim^e du tube en PTFE (66), dans 
un recipient contenant Telastom^re liqu^fi^, 
pendant que ledit tube en PTFE est soutenu 
75 sur le mandrin (68). 

& Proc^d^ selon la revendication 6, dans lequel 
ladite ^tape de revetement comprend T^tape 
consistant k pulveriser I'^lastom^re liqu^fi^ sur 
20 la paroi cylindrique ext^rieure du tabs en 
PTFE (66), sur au moins la partie comprim^e 
du tube en PTFE, pendant que le tube en 
PTFE est soutenu sur le mandrin (68). 

25 9. Procdd6 selon la revendication 5, dans lequel 
r^lastomere est choisi dans le groupe d'elasto- 
m^res constitu^s par les diastomferes de 
caoutchouc silicone, les polyur^thanes seg- 
ment's, les copolym^res de polyur'thane et 

30 d'ur'e et les copolym^res de silicone et de 
polyur^thane, ces elastomeres 4tant de quality 
medicate. 

10. Proc^d^ selon la revendication 5, dans lequel 
35 le tube en PTFE pr'sente une premiere et une 

seconde parties d'extr^mit^ (124, 126), et dans 
lequel ladite 'tape de compression comprime 
uniquement la premiere et la seconde parties 
d'extr^mif du tube en PTFE, sans comprimer 
40 sa partie centraie (128) qui s'^tend entre la 

premiere et la seconde parties d'extremit'. 

11. Proc'd' selon la revendication 10, dans lequel 
ladite 'tape de rev§tement comprend T'tape 

45 consistant k appliquer un revetement fait de 
r'lastom§re liqu'fi' sur la totalif de la paroi 
cylindrique ext'rieure du tube en PTFE (66). 

12. Proc^d' selon la revendication 5, dans lequel 
so ladite 'tape de compression comprend r'tape 

consistant k comprimer le tube en PTFE (66) 
unifonm'ment sur toute sa longueur, et dans 
lequel ladite 'tape de rev§tement comprend 
r'tape consistant k appliquer T'lastom're 11- 
55 qu'fi' sur la totalif de la paroi cylindrique 
ext'rieure du tube en PTFE. 
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13. Qreffe vasculaire d^formable longitudinalement 
(20) obtenue par Tutitisation du proc6d§ com- 
portant les Stapes consistant ^: 

a. fbumir un tube en PTFE poreux (66) 
pr^sentant un diam^tre int^rieur pr^d^termi- 

et ayant un. axe longitudinal, et compre- 
nant une parol cyllndrique ext^rieure; 

b. comprimer au moins une partie du tube 
le long de son axe longitudinal tout en 
maintenant essentiellement constant le dia- 
m^tre lnt§rieur pr4d^termin6 du tube; 

c. appliquer un rev§tement en un ^lastomd- 
re liqu4fl§ sur la parol cyllndrique ext^rieure 
du tube, sur au moins sa partie comprim^e; 
et 

d. s^cher le revetement d'dlastomdre lique- 
ft^ sur la parol cyllndrique ext^rieure du 
tube tout en maintenant la partie comprim^e 
du tube dans un ^tat comprim^. 

14. Qreffe vasculaire d^formable longitudinalement 
(20) selon la revendication 13, dans laquelle 
r^tape de compression du proc^d^ utilise pour 
produire cette greffe comprend les Stapes 
consistant h: 

a. tirer le tube en PTFE sur un mandrin 
cyllndrique (68) pr^sentant un diam^tre ex- 
t^rieur approximativement de meme dimen- 
sion que te diam^tre int^rieur du tube en 
PTFE; et 

b. comprimer au moins une partie du tube 
en PTFE (66) le long de I'axe longitudinal 
du tube pendant que le tut>e est soutenu 
par le mandrin (68). 

15. Qreffe vasculaire d^formable longitudinalement 
(20) selon la revendication 14, dans laquelle 
r^tape de revetement du proced§ utilise pour 
produire cette greffe comprend I'^tape consis- 
tant h revetir par immersion au moins la partie 
comprim^e du tube en PTFE (66), dans un 
recipient contenant I'^lastom^re liqu^fid, pen- 
dant que ledit tube en PTFE est soutenu sur le 
mandrin (68). 

16. Qreffe vasculaire d^formable longitudinalement 
(20) selon la revendication 14, dans laquelle 
r^tape de revetement du proc^d^ utilise pour 
produire cette greffe comprend T^tape consis- 
tant h pulveriser r^lastom^re liqu^fi^ sur la 
parol cyllndrique ext^rieure du tube en PTFE 
(66), sur au moins la partie comprim^e du tube 
en PTFE, pendant que le tube en PTFE est 
soutenu sur le mandrin (68). 

17. Qreffe vasculaire d^formable longitudinalement 
(20) selon la revendication 14, dans laquelle 
ledit eiastom^re est choisi dans le groupe 
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d'^lastom^res constitu^ par les dlastom^res de 
caoutchouc silicone, les polyur^thanes seg- 
ment's, les copolymdres de polyur'thane-ur'e 
et les copolym^res de sllicone-polyur^thane, 
ces eiastom^res dtant de quality m'dicale. 

18. Greffe vasculaire d^formable longitudinalement 
(20) selon la revendication 13. dans laquelle le 
tube en PTFE (66) pr^sente une premiere et 
une seconde parties d'extr'mit§ oppos^es 
(124, 126) et une partie centrale (128) situ'e 
entre celles-cl, et dans laquelle T'tape de 
compression du proc'd' utilise pour produire 
cette greffe vasculaire comprend I'^tape 
consistant h comprimer uniquement la premi^ 
re et la seconde parties d'extr^mit^ (124, 126) 
du tube en PTFE, sans comprimer sa partie 
centrale (128) qui s'^tend entre la premiere et 
la seconde parties d'extr'mit'. 

19. Qreffe vasculaire d'formable longitudinalement 
(20) selon la revendication 18. dans laquelle 
r'tape de revetement du proc^d' utilis4 pour 
produire cette greffe vasculaire comprend 
r'tape consistant k appliquer un revetement 
fait de r^lastom^re liqu'fi' sur la totality de la 
paroi cyllndrique ext^rieure du tube en PTFE. 
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